Objective: To determine the umbilical cord blood nucleated red blood cell (UC-nRBC) count in uncomplicated pregnancies delivered by elective cesarean section or delivered vaginally.
Introduction
The determination of whether a hypoxic insult to a newborn infant was sustained in the antepartum or intrapartum time period is of crucial value to obstetrics research. It has been suggested that the presence of elevated nucleated red blood cells in umbilical cord blood (UC-nRBC) is a sign of chronic fetal hypoxia. 1, 2 Studies have established that in term infants, this index may be affected by factors such as maternal diabetes mellitus, [3] [4] [5] fetal growth restriction, 6,7 RH isoimmunization, 8 maternal tobacco use, 4 and chorioamnionitis. 9 The assumption has been that erythropoietin production, secondary to hypoxia, causes the production of nRBC. It has been shown that in sheep, acute hypoxemia results in erythopoietin increases after at least 3 h, 10 and the resulting reticulocytosis does not peak until 4 days. 11 However, in rats, acute hypoxia resulted in elevated nRBC sometime after 4-12 h. 12 It has also been suggested that acute hypoxia in humans can be associated with elevated nucleated red blood cells. [13] [14] [15] In humans, labor has been associated with elevated umbilical cord erythropoietin levels. 16 Increased nRBC have also been found in placentas in association with cases of acute hypoxia. 17 The literature has inconsistent data on the normal values for UC-nRBC. The purpose of this study was to determine the UC-nRBC values in elective repeat cesarean section deliveries of women with low-risk pregnancies. In addition, levels of UC-nRBC were measured after vaginal deliveries of women with uncomplicated pregnancies and labors to determine the effects of labor on the UC-nRBC levels.
Methods
This study was approved by the institutional review board. A prospective study was conducted at Tampa General Hospital, from October 2003 to May 2004. Subjects were chosen from women presenting to the labor floor for delivery when one of the authors was available to collect data and specimens. Only patients with singleton pregnancies between 37 and 41 weeks gestation, confirmed by last menstrual period and early ultrasound, were included. Patients were excluded if they had any characteristics known to be associated with chronic or acute hypoxia (see Table 1 ).
Umbilical cord venous blood was obtained immediately after cord clamping by needle aspiration at the time of delivery from 57 women. The blood was transferred into a tube containing EDTA. The number of nRBC per 100 white blood cells (WBC) was measured using an automated Cell-DYN4000 instrument (Abbott Laboratories, Chicago, IL). This method was validated by comparing aliquots using direct microscopic visualization of prepared slides and read by experienced hematology technicians. 18 For comparisons, we also expressed the nRBC as an absolute number by correcting the WBC for the presence of nRBC.
Group I (n ¼ 33) were women with low-risk pregnancies who delivered by elective cesarean section, in the absence of labor. In all, 29 of these were elective repeat cesareans; three were carried out for breech presentation, and one for prior myomectomy. Group II (n ¼ 24) were women with low-risk pregnancies who delivered vaginally. In both groups assessment of the infants included weight, sex, gestational age, Apgar scores and umbilical artery blood gas analyses. In both samples the distribution of UC-nRBC was positively skewed so data was log transformed for analysis. The means and s.d. were determined for the variables and these data were evaluated using t-tests and Kolmogorov-Smirnov tests on the log transformed data. For absolute nRBC, the F test for equality of variances showed that the groups did not share homogeneity of variance, therefore the Wilcoxon Rank Sum Test was used. Probability values <0.05 were considered significant.
Results
Comparison of the maternal and infant data for the two groups is shown in Table 2 . There was no difference in birth weight, gestational age, acid base status or Apgar scores between groups. However, since Group I was largely composed of elective repeat cesarean sections, patients in that group were significantly older than the laboring patients, and had significantly greater parity.
The mean±s.d. for UC-nRBC of group I was 7.8±7.4 (range 0-28.6, median 6.0) and for group II it was 9.3±10.5 (range 0-49.7, median 7.5). A Kovmogorov-Smirnov test confirmed that there was no significant difference between the two distributions (ks ¼ 0.1742, P ¼ 0.72). A post hoc power analysis demonstrated that this study had a power of 0.99 to detect a difference in means of 5 nRBC (a ¼ 0.05). For absolute nRBC, the mean±s.d. (median) for groups I and II were 909±931 Â 10 6 /l (715) and 1180±1502 Â 10 6 /l (931) respectively; there was no significant difference. NRBC/100 WBC and absolute nRBC were highly correlated, r ¼ 0.97.
Since there was no difference between the groups they were combined to determine a mean UC-nRBC of 8.4±8.7 (median 6.1). The mean of the absolute nRBC was 1016±1184 Â 10 6 /l. A value of 22 nRBC/100WBC, or 5600 Â 10 6 /l was the upper 95% confidence limit for term umbilical cord venous blood.
Discussion
The two main purposes of this study were to determine (1) what term infant UC-nRBC levels are in pregnancies not complicated by hypoxia; and (2) the effect of uncomplicated labor on UC-nRBC levels. This information is critical in order to evaluate results obtained from complicated pregnancies in which the fetus might have become hypoxic and the UC-nRBC level is being used to attempt to time the hypoxic event. This study sought to develop a pure group of pregnant women with no acute or chronic hypoxic condition in order to determine a true 'normal' UC-nRBC value.
Many studies have attempted to establish 'normal' UC-nRBC values (see Table 3 ), but most failed to eliminate some of the conditions that could be associated with fetal hypoxic risk. Saracoglu and associates simply excluded 'obstetrical problems' from their control group. 19 Ghosh et al. 20 did not eliminate patients with hypertension, pre-eclampsia, tobacco use, meconium, growth retardation or chorioamnionitis. Korst et al. 2 did not exclude patients with hypertension, pre-eclampsia, maternal tobacco use, or chorioamnionitis. Axt et al. 21 did not exclude Table 3 , it is apparent that the s.d. we report for nRBC is larger than that previously reported in some other studies. We used automated readings of nRBC rather than manual counts, which may account for higher counts overall and larger s.d. For purely statistical reasons, a 100 cell differential manual count, which is commonly used at most institutions, is inaccurate when the percentage of NRBC is <5%. 22 When 100 cell differentials are used, it is likely that the automated NRBC at the low values is more accurate than the manual smear. 18 This study also determined that uncomplicated labor did not affect nRBC levels in UC-nRBC. Sheffer-Mimouni et al. 23 looked at this question utilizing venous blood drawn from neonates up to 12 h after birth and found that levels did not differ between laboring and nonlaboring patients. However, the clearance time of nRBC varies, 2, 14 and nRBC levels can be affected by postdelivery oxygenation and other conditions after birth. 13 Thilaganathan et al. 24 did a similar study utilizing UC-nRBC, with the opposite result, however, they did not exclude patients with conditions associated with chronic hypoxia. The present results show that labor in low-risk pregnant women, in the absence of abnormal fetal heart tracings or other signs of fetal stress, has no significant effect on the UC-nRBC level. These data can now be used in studies of high-risk pregnancies to determine their effects on UC-nRBC levels.
